
ÒÎ 

 

ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ�Ʊřźƿř�ƾſŚƴƃ��
ëç�êæ���æ�çí����æèíì� 

ƶƘƫŚƐƯ�ƽƹŵ����Ŝǀſ�ƭźĩ�ƾƀƴū�ƾƬĪƃCydia pomonella (Lep.: Tortricidae)��Śºŝ��
ŢŴƿŹ�Żř�ƵŵŚƠŤſř�śźƛ�ƩŚưƃ�Źŵ�ƾſŶƴƷ�ƾŬƴſ�Ʊřźƿř��

�ƾƳŚƣŚų�ŶưƇ�ŚǀƳÎƹ*�Ŷǀſ����ƽŶưŰƯ�ƮſŚƤƫřƺŝřÏ�ƾƬƗ����ƽŻřźƟřźſ�ŵřźƯÐ��ƾƳřźƿř�ŵřŶů�Ʈƿźĩ���ŵřĦƳÎ��ƾºưǀƷřźŝř�ƮǀƷřźºŝř��Ð����ĨƯŚǀºſ
ƽƺƬƗ�ŚǀĩÏƹ�ƽźǀƸƓ�ŚƋŹ�ÐÎ��

Î��Ƴřŵ���ƵŶĪƄƳřŵ��żƿźŞţ�ƵŚĮƄ��ƽ���ƵŚǀĭ�Ƶƹźĭ��ƽŻŹƹŚƄĩ��ƾĪƃżě��Ï������ƵŶĪƄºƳřŵ��żºƿźŞţ�ƵŚĮƄºƳřŵ�ƽ����ŭǈºƇř�ƹ�ŢºƗřŹŻ�Ƶƹźºĭ��ƽŻŹƹŚƄºĩ���šŚºţŚŞƳ��Ð��
ƶƀſƺƯ��ƱřźƸţ�ƽ�ƵŚǀĭ�ŹƺƄƧ�ƾƨƃżě���

*ƾƨǀƳƹźŤƨƫř�Ţƀě��šŚŞţŚƨƯ�ƩƺŘƀƯ��skhaghaninia@tabrizu.ac.ir��
��

Geometric morphometric approach on the sexual dimorphism of Cydia 
pomonella (Lep.: Tortricidae) in the North West of Iran 

 
S. Khaghaninia1&*, S. A. Mohamadi2, A. Sarafrazi3, K. Hadade Iraninejad1, E. Ebrahimi3, S. 
Alavikia2 and R. Zahiri3 

1. Department of Plant Protection, Faculty of Agriculture, University of Tabriz, Tabriz, Iran, 2. Department of 
Agronomy and Plant Breeding, Faculty of Agriculture, University of Tabriz, Tabriz, Iran, 3. Iranian Research Institute of 
Plant Protection, Tehran Iran. 
*Corresponding author, E-mail: skhaghaninia@tabrizu.ac.ir 
 

ƵŶǀĪģ��
řźŝƽ�ſŹźŝ�ƾ�ƬĪƃƹŵ�ƾƀƴū�ƾƭźĩ��ſǀ�ŜƫŚƣ�Źŵ�ƵŵŚƯ�ƹ�źƳ�ŵřźƟř��ŜÖƘưū�ǀƟřźƜū�ŢǀŚƾƿ��ƩŚưºƃ�ƱŚŤºſř�ŹŚƸģ�Żř����śźºƛ

��ƱŚŬƿŚŝŹŷō�ƪƯŚƃ�ŹƺƄƧ���ƱŚŬƿŚŝŹŷō��ƾƣźƃ��ŝźƛƾ�ǀŝŵŹř������Śě�Źŵ�ƱŚŬƳŻ�ƹ�ƪǀƿ�ƩŚſ�żÎÐÕÏ�Ɩºưū��Źƹōƽ�Ŷºƃ�������šŚƈºŤŴƯ�ƪƿŶºŞţ�Śºŝ
ſŶƴƷƾħŹŚƯŶƴƫ��ƜŤƯ�ƶŝ�ŚƷǀŚƷźƽƬĪƃ�ƾ���ŵřŶƘţÏÓ�ƹ�ÎÕƜŤƯ�ǀƬĪƃ�źƾţźţ�ƶŝ�ǀřźŝ�ŜƽƩŚŝ��ŚƷƽŵźĭ�ƪƇŚů�ŜƤƗ�ƹ�ƺƬū�ƿŶ��řźŝƽ�

�ƜŤƯ�ƲƿřǀŚƷź��RWA�ŚƸƳ�ŵƹŶů�ƹ�ƭŚŬƳř�ƾƿƜţ�ǀǀƘţ�žƴū�ƹŵ�Źŵ�ƩŚŝ�šřźǀǀŶƃ�Ʋ��ƶŞſŚŰƯ�Żř�žě�ƽƵŻřŶƳř��ƽ�ƱƺƯŻō��ŵřźƟř�ƎſƺŤƯ�
źŤƯƺƫōƽƭŚŬƳř��ŵźĭƿŶ��Ƙưū�ƪŝŚƤŤƯ�źŧřǀƳ�žƴū�Źŵ�ŢǀƴƘƯ�ƩŚŝ�ƹŵ�źƷ�Źŵ�żƾ�ŵƺŝ�Źřŵ��řźŝƽƘţ�ǀǀƜŤƯ�ƮƸſ�ƲǀŚƷźƽƬĪƃ�ƾ�ƿ�ŢųřƺƴĪ
ƛ�ƹǀź�ƿżŬţ��ŢųřƺƴĪƿƶ�ƽŹřƹ�ƿŶƴģ�žƳŚ�ƜŤƯǀƵź�ƽřźŝ�ƶƳŚĭřŶū�ƽƜŤƯ�ƕƺƳ�ƹŵ�źƷ�ǀŚŤƳ�ƶĩ�Ŷƃ�ƭŚŬƳř�ŚƷźƿƱŚƄƳ�Ū�ƵŶƴƷŵ�ƽŝ�ƮƸſ�ǀ�źŤƄ
ƜŤƯǀƷźŚƽƬĪƃ�ƾƛ�ǀź��ƿƜţ�Źŵ�ŢųřƺƴĪǀǀƬĪƃ�šřźƾƘưū�Źŵ�ƵŵŚƯ�ƹ�źƳ�ŵřźƟř�ǀŢ�ŚƷƽŝ��ƞƬŤŴƯ�ƶƵĦƿƹ�ŵƺŝ�ŜƤƗ�ƩŚŝ�Źŵ�� ƶƿżŬţ�ƽ�

ƵŵŚſ�žƳŚƿŹřƹ řźŝƽ�ƵŻřŶƳř�šƹŚƠţ�ƱƺƯŻō�ƽ�ƎſƺŤƯ�(centroid size)žƴū�ƹŵ�Źŵ�ŵřźƟř�ƵŻřŶƳř�ƶĩ�ŵřŵ�ƱŚƄƳ��ƽ�ƵŵŚƯ�ŵřźƟř�ƎſƺŤƯ�
ŝƶ��ƴƘƯ�ŹƺƏƾ�ŝ�źƳ�ŵřźƟř�Żř�źŤƄǀŝ�Źřŵŵƺ��źŤƯƺƫō�ƱƺƯŻōƽƶƐŝřŹ�ƶĩ�ŵřŵ�ƱŚƄƳ��ƽƛ�ǀƴƘƯ�źƾ�Źřŵƽŝ�ǀƵŻřŶƳř�Ʋ�ƽƜţ�ƹ�ƎſƺŤƯ�ǀǀ�ƪĪƃ�šřź

ƩŚŝ���Ţƃřŵ�ŵƺūƹ�ƵŵŚƯ�ƹ�źƳ�žƴū�Źŵ�ŚƷ���ƵŻřŶƳř�Ŝǀţźţ�ƲƿŶŝźǀŧŐţƽƬĪƃƹŵ�Źŵ�ƾƩŚŝ��ŚƷƽƀƴū�ŵřźƟř�ŜƤƗ�ƹ�ƺƬū�ƾŢƃřŶƳ����źºŝ�
�ŚŤƳ�ŽŚſřƿ��ŪRWA�����ĪƠţ�Źŵ�ŜƤƗ�ƩŚŝ�ǀ�ū�ƩŚŝ�Żř�źŤƸŝ�ƵŵŚƯ�ƹ�źƳ�ŵřźƟř�Ĩ���ƲºƸě��ƩŚºŝ�ƪĪºƃ�ƝǈŤųř�ƹ�ŵƺŝ�Ƶŵźĩ�ƪưƗ�ƺƬ���Ʊŵƺºŝ

ƵŶƗŚƣ�ƽƵŵŚƯ�Źŵ�řŹ�ƩŚŝ��ľŚƇƺƈų�ŚƷźƳ�ƶŝ�ŢŞƀƳ�ŚƷƲƃƹŹ�ľǈƯŚĩ�ŜƤƗ�ƩŚŝ�Źŵ��ŵƺưƳ����
ƽŶǀƬĩ�ƱŚĭĥřƹ�ŢŴƿŹ��ƭźĩ��ƾƀƴū�ƾƬĪƃƹŵ��ƾſŶƴƷ�ƾŬƴſ����ŜǀſCydia pomonella��

Abstract 
In order to study the sexual dimorphism of codling moth, Cydia pomonella (L.), nine geographical 

populations were collected from four provinces, East Azarbayjan, West Azarbayjan, Ardebil and Zandjan, 
in the North West of Iran in autumn 2003. By transforming the landmark geometric data into partial warp 
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scores, 26 and 18 scores were obtained for the fore and hind wings, respectively. Relative warp analysis 
was performed and wings relative variations in two sexes were determined. Allometry test was carried out 
after estimating centroid size of individuals. Population-sex interaction was significant in two wings. To 
determine the contribution of uniform and non-uniform shape variables in explaining populations and 
sexes differences, MANOVA was performed separately for each type of variables. The result revealed 
that the non-uniform variables were more effective in determining sex differences in different populations 
especially in the hind wing. Simple analysis of variance (ANOVA) indicated that the centroid size of 
females was significantly greater than that of males. Allometry test revealed non significant association 
between centroid size and wing shape variations in males and females. RWA showed well discrimination 
between sexes, especially based on the hind wing landmarks. Overall shape deformation indicated wider 
basal part of wing in females compared with males especially in the hind wing. 
Key words: geometric morphometrics, sexual dimorphism, codling moth, Cydia pomonella 
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Ĩƿ�ŽŚſř�ƶŝ�ŶƿŶū�ƽŚƷźǀƜŤƯ�ƽźſ��ƾƬƨƃ�ƽŚƷźǀƜŤƯ�ƭŚƳ(Partial Warp Scores)�ƾºƯ�ƭŚŬƳř���ŵƺºƃ���ƶºƧ
�ř�šŹŚŞƗ��Źřźƣ�ƪŰƯ�Ż��ƥŹŚƯŶƴƫ�ƽźǀĭ����ƶŰƠƇ�Ʀƿ�ƽƹŹ�ŚƷ����������ŵƺºūƺƯ�ƾƿŚƌƟ�ƪƨƃ�šřŻřƺƯ�ƶŝ�ƶƧ�Ţſř�ƽř

�Ʊō�ƶŝ�ŽŚưƯ�ƹ(Tangent space)�ŵŹřŵ�Źřźƣ�(Bookstein, 1989; Rohlf, 1990)���
��ƶºƘƫŚƐƯ�ƾºƏ�����ŚºĪƿźƯō�ƩŚưºƃ�Źŵ�ƽřAdams & Funk (1997)ƹŵ������Ĩºſƺſ�ƾƀºƴū�ƾƬĪºƃ

īźŝ�Źřƺų�Neochlamisus bebbianae (Brown)�řŹ�ƶŝ�ŢŴƿŹ�Ĩưĩ����ƾºſŹźŝ�ŵŹƺºƯ�ƾſŶƴƷ�ƾŬƴſ
Źřźƣ�ŶƳŵřŵ��Zahiri et al. (2003)ƹŵ���ƶƣŚºſ�ƭźĩ�ƾƀƴū�ƾƬĪƃ������ƹ�ŹƺƄºĩ�ƩŚưºƃ�Źŵ�řŹ�ŪƳźºŝ�Źřƺºų

Alipanah et al. (2004)ƹ��Sadeghi et al., (2005)Ťſř�Źŵ�ƾƸŝŚƄƯ�šŚƤǀƤŰţ�ƾƏ�ŚƱ�ŚƷ���ƱŚƸƠºƇř�ƽ
ƱŚŬƿŚŝŹŷō��ƱřźƸţ�ƾŝźƛ��ƱŚŬƳŻ�ƹ�ƱŚſřźų��ƹŵ�ƾƀƴū�ƾƬĪƃ�ƭźĩ�ŶƳŵƺưƳ�ƶƘƫŚƐƯ�řŹ�Ŝǀſ���

ƵŻřŶƳř�ƹ�ƪĪƃ�ƝǈŤųř�ƾſŹźŝ��źƋŚů�ƢǀƤŰţ�Żř�ƝŶƷ�ƽƵŵŚƯ�ƹ�źƳ�žƴū�ƹŵ��ƽƭźĩ��Ŝǀſ��
Cydia pomonella (L.)�ƩŚưƃ�Źŵ����������ƽƹŹ�ƵŻřŶºƳř�ƝǈŤºųř�ĨºƿźŤƯƺƫō�źºŧř�ƲǀºǀƘţ�ƹ�ŹƺƄºĩ�śźƛ

ƹŵ�Ŷƴģ�ƱƺǀſźĭŹ�ƵŵŚƠŤſř�Śŝ�ƾƀƴū�ƾƬĪƃ�ƵźǀƜŤƯ�ƽ�ŌřżūřƵŻřŶƳř�ƽƹŹ�ƾƬĪƃ��ƽŝ�ƎſƺŤƯ�ŵƺ���
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ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��
�ƶǀƸţ�ƽřźŝ��ƽ�ŢǀƘưū������ƶƳƺưƳ��Ŝǀſ�ƭźĩ�ƾƿŚǀƟřźƜū�ƽŚƷ���ƩŚưƃ�ƱŚŤſř�ŹŚƸģ�Żř�ƽŹřŵźŝ����śźºƛ

��ƱŚŬƿŚŝŹŷō�ƪƯŚƃ�ŹƺƄƧ����ƾƣźƃ��ŢǀƘưū�ŹŚƸģ��ƱŚŬƿŚŝŹŷō������ƾŝźƛ��ŢǀƘưū�Ĩƿ����ƪºǀŝŵŹř�����Ĩºƿ
ŢǀƘưū�����ƱŚŬƳŻ�ƹ��ŢǀƘưū�ƶſ��ŝƶ���ƪºưƗ��ŶºƯō���������������ƽřźºŝ�ƱŚŤºſř�źºƷ�Źŵ�ƾŝŚºŴŤƳř�ƢƏŚºƴƯ�ŵřŶºƘţ
ƶƳƺưƳ���������������ŵƺºŝ�Ʊō�Źŵ�Ŝǀºſ�šŚºƛŚŝ�ƂƴƧřźě�ƹ�ƱŚŤſř�ŮƐſ�Śŝ�ŜſŚƴŤƯ��Ŝǀſ�ƭźƧ�Żř�ƽŹřŵźŝ����ƽřźºŝ

���Żř�ƽźǀĭƺƬūźǀŧŐţ��ƶƳƺưƳ��ƢǀƤŰţ�ŪƿŚŤƳ�Źŵ�ƾƳŚŝżǀƯ�ƭŚƣŹř���ƱŶƬĭ�ƮƣŹ�Ŝǀſ�ƱŚŤųŹŵ�Żř�ľŚƟźƇ�ƽŹřŵźŝ
ƭŚŬƳř�Ŷƃ��ƶƳƺưƳ�������ŝ�ƮŬƴě�Ʋſ�ƪƯŚƧ�ƽŚƷƹŹǇ�Żř�ƽŹřŵźŝƶ��ƶƬǀſƹ��ƽ�ƶƬţ�����ũŚºƗ�ƾƿřƺƤƯ�ƽŚƷ��ƭŚºŬƳř�Źřŵ�
ŢƟźĭ�(Radjabi, 1986)��ŢŴƿŹ�ƽŚƷŹŚƧ�ƭŚŬƳř�ƽřźŝ��řŸƫ�ŵƺŝ�ƪƯŚƧ�šřźƄů�ƶŝ�ŻŚǀƳ�ƾſŶƴƷ�ƾŬƴſ

�����ƶºƬţ�Źŵ�ŵƺūƺƯ�ƪƯŚƧ�ƽŚƷƹŹǇ�����Ɩºưū�ƾƿřƺºƤƯ�ƽŚºƷ������ƶºƤƐƴƯ�źºƷ�Ŝǀºſ�šŚºƛŚŝ�Żř�ƵŶºƃ�ƽŹƹō�ƽ�
�ƶŝ�ƾƿŚǀƟřźƜū�������źƐƣ�ƶŝ�ƾƨǀŤſǈě�ƾƃŹƹźě�ƝƹźƓ�Źŵ�ƶƳŚĭřŶū�ŹƺƏÔÍ�ƕŚƠţŹř�ƹ�ÑÍƾŤƳŚſ����ƶºƧ�źŤƯ

ÊŹŵ���ģŹŚě�Śŝ�Ʊō�ƶ��ƽ����ƾƿŚƯŵ�Ǝƿřźƃ�Źŵ�ŵƺŝ�ƵŶƃ�ŹƺƈŰƯ�ŢƟŚŝżƿŹ�ƽŹƺţCÌ�Ï�t�ÏÒ��ƾŞƀºƳ�ŢŝƺƏŹ��
Ò�t�ÓÍ���Źƹŵ�ƹ�ŶƇŹŵ�Ƶ��ƽ���ƽŹƺƳ�ÎÓ���ƶŝ�Õ��ŢƗŚſ�ƾƨƿŹŚţ�ƶŝ�ƾƿŚƴƃƹŹ��Ŷƿŵźĭ�ƽŹřŶƸĮƳ���ƝƹźƓ

���ƪƯŚƧ�šřźƄů�ƹ�ŶƿŵŻŚŝ�ľŚŞţźƯ�ƾƃŹƹźě�ƵŶƃ�ũŹŚų��ŻŚĭ�Żř�ƵŵŚƠŤſř�Śŝ�CO2����ƝźºƓ�ƶºŝ�ƹ�ƁƺºƸǀŝ�
ƶƄǀƃ�����ŹƺƳŚǀſ�ƽƹŚů�ƽř�ƪƤŤƴƯŶƿŵźĭ�ƵŵźƯ�ƪƯŚƧ�šřźƄů���ƶƬǀſƹ�ƶŝ�ƽ��ƶºƫŚţř�ƱŻƺºſ��ƽ�źƠºƇ�ƹŵ��

(00)�����ƶŞƘū�Źŵ�ƹ�ƵŶƃ�ƶƫŚţř����������ƶƤƐƴƯ�źƷ�ƽřźŝ�řżŬƯ�ŹƺƏ�ƶŝ�šřźƄů�ƽŹřŶƸĮƳ�ƽŚƷ��ƽ���ƶƧ�ƾƿŚǀƟřźƜū�
Ŷƿŵźĭ�ƽŹřŶƸĮƳ��ŵƺŝ�šŚƗǈƏř�Ŝƀģźŝ�ƽƹŚů���

���������ŢºǀƘưū�źºƷ�ƵŵŚºƯ�ƹ�źºƳ�ƪºƯŚĩ�šřźƄů�ŢſřŹ�Ţưſ�ŜƤƗ�ƹ�ƺƬū�ƩŚŝ�Żř�ƾưŗřŵ�Ŷƿǈſř
ƹŹ�ƶŝ�ƾƿŚǀƟřźƜūƁ�Borror et al. (1989)��ƶºǀƸţ�šřźºǀǀƜţ�ƾưĩ�Śŝ� �Ŷºƿŵźĭ�����źƿƹŚƈºţ�ŚƷŶƿǈºſř�Żř

�ƩƹŶū�Źŵ�ƶĩ�Ŷƃ�ƶŤƟźĭ�ƾƫŚŤǀŬƿŵÎƶǀƸţ�źƿƹŚƈţ�ŵřŶƘţ� ƶƤƐƴƯ�źƷ�ƽřźŝ�ƵŶƃ�ƽ�ƵŶºƯō�ƾƿŚǀƟřźƜū��
Ţſř����������ƩŚŞĭŹ�ƱŶƃ�ƶųŚƃ�ƹŵ�ƪŰƯ�ŜƬƛř�ƶĩ�īƺƫƺƯƺƷ�ƍŚƤƳ�ƶǀƃŚů�ƶŝ�ƩŚŞĭŹ�ƩŚƈţř�ƍŚƤƳ�ƹ�ŚƷ�ƽ�

�ŵƺŝ�ƩŚŝ���ƶƘƫŚƐƯ�Śŝ���ƽ�ŝ��ƩŚŝ�ƽźƬĩƺƴǀ�������ħŹŚƯŶƴƫ�ƱřƺƴƗ�ŢŰţ�ŜƤƗ�ƹ�ƺƬū�ƽŚƷ�����śŚŴŤƳř�Ʃƹř�ƕƺƳ�ƽŚƷ
�ŶƳŶƃ(Bookstein, 1989)���ƪĪƃÎħŚƯŶƴƫ�ƪŰƯ���ŚƷ�ƶƧ�řŹ��ƪƯŚºƃÎÒ�ƹ�ÎÎ�ħŹŚƯŶºƴƫ���Ţºſř���ƶºŝ�

ƾƯ�ƱŚƄƳ�ŜƤƗ�ƹ�ƺƬū�ƩŚŝ�Źŵ�Ŝǀţźţ�ŶƷŵ���
���ƭźƳ�Żř�ƵŵŚƠŤſř�Śŝ���ŹřżƟřtpsdig�ħŹŚƯŶƴƫ����������ĩ�ƹ�śŚŴŤƳř�ŜƤƗ�ƹ�ƺƬū�ƩŚŝ�źƿƹŚƈţ�ƽƹŹ�ŚƷ�ŶƳŶºƃ�ƾư��

�������ƶŝ�ƍƺŝźƯ�ƾſŶƴƷ�šŚƈŤŴƯ�Ŝǀţźţ�ƲƿŶŝÑÔÑ�����ƹ�ƺƬū�ƩŚŝ�ÑÖÏ������ƶºŝ�ŜºƤƗ�ƩŚºŝ�����ŶºƯō�Ţºſŵ����ƪƿŶºŞţ
Ƶŵřŵ��ħŹŚƯŶºƴƫ�ƾſŶƴƷ�šŚƈŤŴƯ�Śƿ�ƭŚų�ƽŚƷ����źºǀƜŤƯ�ƶºŝ�ŚºƷ���ƾƬĪºƃ�ƽŚºƷ�ƹ�Relative Warp Analysis 



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏí���æ���ÎÐÕì�������������������������������������������������������������������������ÒÒ 

 

(RWA)��������ƩŚŝ�Źŵ�ƾƿŚƸƳ�ƾƬĪƃ�šřźǀǀƜţ�ƲǀƴĤưƷ�ƹ�����������ƭźºƳ�Śŝ�ƵŵŚƯ�ƹ�źƳ�ŵřźƟř�ŜƤƗ�ƹ�ƺƬū�ƽŚƷ��ŹřżºƟř�
tpsrelwŶƃ�ƭŚŬƳř���ƭźƳ�Żř�ƵŵŚƠŤſř�Śŝ��ŹřżƟřtpsregrƵŻřŶƳř��ƽ�ƎſƺŤƯ�(centroid size)ƶƳƺưƳ���ƹ�źƳ�ƽŚƷ

����Ŷƴģ�ƱƺǀſźĭŹ�ƹ�ŵŹƹōźŝ�ƵŵŚƯ�����Ƶŵřŵ�Żř�ƵŵŚƠŤſř�Śŝ�ƵźǀƜŤƯ���ŝ�ƾƬĪƃ�ƽŚƷƶ�����ƹ�ƶŤƀºŝřƹ�ƽŚºƷźǀƜŤƯ�ƱřƺƴƗ� �
��

��ƩƹŶūÎ����ƩŚŝ�źƿƹŚƈţ�ŵřŶƘţ������ƶƳřƹźě�Źŵ�ŜƤƗ�ƹ�ƺƬū�ƽŚƷ�����ƵŵŚºƯ�ƹ�źºƳ�ƽŚƷ�ƽ�ŢºǀƘưū������ƭźºĩ�ƽŚºƷ
Ŝǀſ���

Table 1. Number of fore and hind wing images taken from the male and females of codling 
moth.  

 
Hind wing  Fore wing 

Total Male Female  Total Male Female 
Population 

42 21 21 51 27 24 Mianeh 
46 25 21 48 26 22 Salmas 
62 30 32 65 31 34 Zandjan 
69 29 40 54 27 27 Zunuz 
55 24 31 49 18 31 Khoramdareh 
38 22 16 36 22 14 Meshkin Shahr 
59 28 31 54 23 31 Shabestar 
70 35 35 60 28 32 Marageh 
51 28 23 

 
 
 
 

57 28 29 Mahneshan 
492 242 250  474 230 244 Total 

 
 

 
��

�ƪĪƃÎ�ƩŚŝ��ĩ�Źŵ�ŜƤƗ�ƹ�ƺƬū�ƽŚƷƭź�Ŷƴƫ�ƪŰƯ�ƹ�Ŝǀſ�ħŹŚƯ��ƽƹŹ�ŚƷƳōŚƸ���
Fig. 1. Fore and hind wing of codling moth with landmark positions on them. 



ÒÓ                          ��ƾƳŚƣŚų�ƱřŹŚƨưƷ�ƹ�ŚǀƳ��ƶƘƫŚƐƯ���Ŝǀſ�ƭźƧ�ƾƀƴū�ƾƬƨƃƹŵ�ƽ Cydia pomonella������

 

ƵŻřŶƳř��ƽ��ŝ�ƎſƺŤƯ��ƶ�ƱřƺƴƗźǀƜŤƯŶƃ�ƭŚŬƳř�ƪƤŤƀƯ������ŢºǀƘưū�šƹŚºƠţ�ƾºſŹźŝ�ƽřźŝ����ƹŵ�żºǀƳ�ƹ�ŚºƷ
���ƶººƿżŬţ��ƾƬĪººƃ�ƽŚººƷźǀƜŤƯ�ƕƺººưŬƯ�źººƔƳ�Żř�žƴººū�ƽžƳŚººƿŹřƹ��Ŷººƴģ�ƵźººǀƜŤƯ��ƽƹŵ�ƶººƟźƏ� �

(Two-way MANOVA)ƭźƳ�Żř�ƵŵŚƠŤſř�Śŝ���ŹřżƟřSPSS 14.0�Ŷºƃ�ƭŚŬƳř�����ƶƀºƿŚƤƯ�ƽřźºŝ�ƽ�ƵŻřŶºƳř��ƽ�
ƶƿżŬţ�Żř�ƵŵŚƯ�ƹ�źƳ�ŵřźƟř�ƎſƺŤƯ��ƽ��ƵŵŚºſ�žƳŚºƿŹřƹ�ƽ�Ĩºƿ����ƶºƟźƏ(One-way ANOVA)��ƵŵŚƠŤºſř�

�Ŷƿŵźĭ(Bookstein, 1989; Adams & Funk, 1997)����
��

ŦŰŝ�ƹ�ŪƿŚŤƳ��
�ƶƿżŬţ�ŪƿŚŤƳ����ƽžƳŚƿŹřƹ�Ŷƴģ�ŤƯ��źǀƜŤƯ�ƽřźŝ�ƵźǀƜ��ƩŚŝ�ƾƬĪƃ�ƽŚƷ�ƭźĩ�ŜƤƗ�ƹ�ƺƬū�ƽŚƷ��Ŝǀſ

���ƩƹŶū�ŹŵÏ��Ţſř�ƵŶƯō���������������ƕƺºưŬƯ�ƽřźºŝ�žƴºū�Źŵ�ŢºǀƘưū�ƪºŝŚƤŤƯ�źºŧř�ƹ�žƴū��ŢǀƘưū�źŧř
���ƩŚŝ�Źŵ�ƾƬĪƃ�ƽŚƷźǀƜŤƯ���ƹ�ƺƬū�ƽŚƷ������ƩŚưŤůř�ŮƐſ�Źŵ�ŜƤƗ��Ʀƿ�ƾƴƘƯ�ŶƇŹŵ���ŵƺºŝ�Źřŵ���ƾºƴƘƯ��Źřŵ
����ƾƯ�ƱŚƄƳ�ƪŝŚƤŤƯ�źŧř�Ʊŵƺŝ�����Īºƃ�ƽŚºƷźǀƜŤƯ�źºǀǀƜţ�ŶºƳƹŹ�ƶĩ�ŶƷŵ�����Źŵ�ƵŵŚºƯ�ƹ�źºƳ�ŵřźºƟř�Ʋǀºŝ�Źŵ�ƾƬ

ŢǀƘưū�Ţſř�ƵŵƺŞƳ�ƱŚƀĪƿ�ƞƬŤŴƯ�ƽŚƷ���
��

��ƩƹŶūÏ�ƶƿżŬţ��ƽŶƴģ�žƳŚƿŹřƹ��ƵźǀƜŤƯ�ƽƹŵ����ƭźºĩ�ŜƤƗ�ƹ�ƺƬū�ƩŚŝ�ƾƬĪƃ�ƽŚƷźǀƜŤƯ�ƽřźŝ�ƶƟźƏ
ŢǀƘưū�Źŵ�Ŝǀſ�ƞƬŤŴƯ�ƾƿŚǀƟřźƜū�ƽŚƷ����

Table 2. Two-way multivariate analysis of variance (MANOVA) for the shape variables of 
fore and hind wings of codling moth in different geographical populations. 

 
Hind wing  Fore wing 

F          
Probability 

Wilks' 

lambda 
df  F          

Probability 
Wilks' 

lambda 
df 

Source 

6.009 **   
0.000 

0.187 144, (3375.917)  
4.079 **   
0.000 

0.175 208, (3322.477) Population 

91.68 **   
0.000 

0.217 18, (457)  
26.96 **   
0.000 

0.381 26, (431) Sex 

1.331**   
0.006 

0.666 144, (3375.917)  
1.453 **   
0.000 

0.513 208, (3322.477) Pop × Sex 
**Significant difference at 1% probability. Digits in parenthesis indicate error degree of freedom used in significant test 

of source of variation. 
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���ƪĪƃ�ŹŵÏ�ƵƺŰƳ���ƽ������źŝ�ƵŵŚƯ�ƹ�źƳ�ŵřźƟř�Ƃƴĩřźě���ŽŚºſř����Ōżºū�ƹŵ�RW1�ƹ�RW2��Żř�ƪºƇŚů�

ƶƿżŬţ��ƽ�RWAŢſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ���ƵƺŰƳ�ƽ�Ƃƴĩřźě�ÑÔÑźŝ�ŵźƟ���šŚƈŴƄƯ�ŽŚſř���ƺºƬū�ƩŚºŝ
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Ţſř��ƶŝ�ƽŹƺƏ��������ƶŝ�źƳ�ƹ�ƵŵŚƯ�ŵřźƟř�ŜƬƛř�ƶĩ�����ŹƺºŰƯ�ŢŞŨƯ�ƹ�ƾƠƴƯ�Ţưſ�ŢƿŚƸƳ�Źŵ�ŜǀţźţRW1�
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��ƪĪƃÏ��ƵƺŰƳ���ƽ�����ƭźĩ�ƵŵŚƯ�ƹ�źƳ�ŵřźƟř�Ƃƴĩřźě�����ŹƺºŰƯ�ƹŵ�ƽƹŹ�ŜǀºſRW1�ƹ�RW2��źºŝ���ŽŚºſř
ħŹŚƯŶƴƫ�ƽŚƷƩŚŝ���(A)��ƺƬū�ƩŚŝ�(B)ŜƤƗ�ƩŚŝ����

Fig. 2. Distribution of males and females of codling moth through RWA1 RWA2 based on 
landmarks: (A) forewing, (B) hind wing. 
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�����ƖūźƯ�ƪĪƃ�ƶŝ�ŢŞƀƳ(B)�ƾƯ�ƱŚƄƳ��ŶƷŵ���Źŵ����ħŹŚƯŶºƴƫ�Ƃƿřźºĭ�Śºŝ�ƵŵŚºƯ�ŵřźƟř���ƵŶºƗŚƣ�ƽŚºƷ��ƹ�ƽř

ƶǀƃŚů�������ƲƸě��źƳ�ŵřźƟř�ƶŝ�ŢŞƀƳ�ƩŚŝ��ƖūźƯ�ƪĪƃ�ƶŝ�ŢŞƀƳ�ũŹŚų�Ţưſ�ƶŝ�ƺƬū�ƩŚŝ�ƽř���ƹ�ƵŶºƃ�źţ
����Źŵ�žĪƗ�źŝƵŵŚƯ����ǀƄºĩ�ŢƫŚů�ŚƷ�����ŵŹřŵ�řŹ�ĨºƿŹŚŝ�ƹ�ƵŶ�����ƵŵŚºƯ�ŜºƤƗ�ƩŚºŝ�Źŵ���ŚºƷ(A)���Ţºĩźů�Śºŝ��

ħŹŚƯŶƴƫ����ƵŹŚưƃ�ƽŚƷÎÍ���ƹ�ÎÎ���ƵŶƗŚƣ��ƲǀƟźƏ�ƶŝ���ƽ��ƲƸě��ƖūźƯ�ƪĪƃ�ƶŝ�ŢŞƀƳ�ƩŚŝ��ƾƯ�źţ���ƹ�ŶºƃŚŝ
ħŹŚƯŶƴƫ�ƞǀƠų�Ţĩźů�ƲǀƴĤưƷ�ƶǀƃŚů�ƽŚƷ�ƵŚţƺĩ�ŜūƺƯ�ƪųřŵ�ƶŝ�ƽř ƵŶƃ�ƩŚŝ�ƱŶƃ�źţ Ţſř����
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�ƪĪƃÐ�ƺƬū�ƩŚŝ�ƪĪƃ�šřźǀǀƜţ���Ěģ���ŜƤƗ�ƩŚŝ�ƹ�ŢſřŹ��ƭźĩ Ŝǀſ��(A)���ƵŵŚºƯ�(B)��ƪĪºƃ�
��ƖūźƯ(C)źƳ��ƱŚƄƳ�ŵřŶƗř��ƵŹŚưƃ�źĭ�ƽħŹŚƯŶƴƫ��Ţſř�ŚƷ���

Fig. 3. Overall deformations in the forewing (left) and hind wing (right) shape of codling 
moth: (A) female, (B) reference shape, (C) male. Numbers show the landmarks. 
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�ŚƷźƳ�ŜƤƗ�ƩŚŝ�Źŵ��ƪĪƃCÐ�ƾƯ�ƵŶƷŚƄƯ�žĪƗ�ŢƫŚů���ŵƺƃ��ĨƿŹŚŝ�ƵŶƗŚƣ�Źŵ�ƩŚŝ�ƾƴƘƿ��źţ
ƹ�����ƲƸě�ƽŵƹŶů�Śţ�ŚƸŤƳř�Źŵ�����Ţſř�ƵŵŚƯ�ŵřźƟř�Żř�źţ���ľŚŞƿźƤţ�ŪƿŚŤƳ����ƾƸŝŚƄƯ��ƶƘƫŚƐƯ�Śŝ��ƽ��ŢºǀƘưū����ƽŚºƷ

ƭźĩ��Ʊřźƿř�ƽżĩźƯ�ƾůřƺƳ�Ŝǀſ�ƎſƺţAlipanah et al. (2004)ƶŝ���ƵŶºƯō�Ţſŵ��Ţºſř��ǀºƴĤưƷ��Ʋ�
Zahiri et al. (2003)�ƹŵ�ƾſŹźŝ�Śŝ�ƭźĩ�Źŵ�ƩŚŝ�ƾƀƴū�ƾƬĪƃ�ƶƣŚſ������ŹƺƄºĩ�ƩŚưºƃ�Źŵ�ŪƳźºŝ�Źřƺºų

ƵŵŚƯ�Źŵ�ŜƤƗ�ƹ�ƺƬū�ƩŚŝ�ƶĩ�ŶƴŤƟŚƿŹŵ�ƪƿƺƏ�ƹ�ƲƸě�ŚƷźƳ�ƶŝ�ŢŞƀƳ�ŚƷ�Ţſř�źţ����
�ƶƿżŬţ�ŪƿŚŤƳ�ƽĨƿ�žƳŚƿŹřƹ��ƵźǀƜŤƯ�ƽĨƿ��ƶƟźƏ�ƽƵŻřŶƳř��ƽ�ŵřźƟř�Źŵ�ŜƤƗ�ƹ�ƺƬū�ƩŚŝ�ƎſƺŤƯ�
�ŢǀƘưū�ƾƀƴū��ƬŤŴƯ�ƽŚƷ��ƭźĩ�ƾƿŚǀƟřźƜū�ƞ���ƩƹŶū�Źŵ�ŜǀſÐƵŶƯō��Ţſř��ƾƯ�ƱŚƄƳ�ŪƿŚŤƳ���ŶºƷŵ

�����������ƶŝ�źƳ�ƶŝ�ŢŞƀƳ�ƵŵŚƯ�ŵřźƟř�Źŵ�ŜƤƗ�ƹ�ƺƬū�ƩŚŝ�ƶĩ��ƾƴƘƯ�ŹƺƏ��īŹżŝ�ƽŹřŵ��ƾƯ�źţ���Ʋƿř�šŶƃ�ƹ�ŶƃŚŝ
�����Ţſř�źŤƄǀŝ�ŜƤƗ�ƩŚŝ�Źŵ�ƝǈŤųř����ƹŵ�ƽƹŹ�ƾƸŝŚƄƯ�ŪƿŚŤƳ����ƭźºĩ�Źŵ�ƵŻřŶºƳř�źºƔƳ�Żř�ƾƀƴū�ƾƬĪƃ�

�Ŝǀſ(Sadeghi et al., 2005)ƭźĩ�ƹ��ƶƣŚſ�ŪƳźŝ�Źřƺų�(Zahiri et al., 2003)��Ţºſř�ƵŶºƃ�ƁŹřżĭ���
�ƵŻřŶƳř�ƲŤƃřŵ��ƽ���ƵŵŚƯ�Źŵ�īŹżŝ����������Źŵ�ŚºƷźƳ�ƶºŝ�ŢŞƀºƳ�ŚºƷ����ƾºŝ�ƮƫŚºƗ�������Ţºſř�ƾƸƿŶºŝ�ƽźºƯř�ƱŚºĭźƸƯ� �

(Hood, 2000; Teder & Tammaru, 2005)��šŚƘƫŚƐƯ� Teder & Tammaru (2005)Ƶŵřŵ�ƱŚƄƳ��Ţſř�
ƵŻřŶƳř�ƂƿřżƟř�Śŝ�šřźƄů�Źŵ�ƶĩ�ƽř�ƝǈŤųř��ƱŶŝ�ƾƯ�źŤƄǀŝ�ƵŵŚƯ�ƹ�źƳ�Ʋǀŝ�ƵŻřŶƳ�ŵƺƃ���īŹżŝ�ƮĪƃ

�ƵŵŚƯ�Źŵ�ƾƯ�źŤƄǀŝ�ƽŹƹŹŚŝ�šŹŶƣ�ƽřźŝ�ŚƷ�ŶƃŚŝ�ŝ��ƶƽŹƺƏ���ƶºƐŝřŹ�ƽŹƹŹŚºŝ�šŹŶƣ�ƶĩ�ƽ���Śºŝ�ƾºƐų�
�ƵŻřŶºƳř�ƽ�ŵŹřŵ�ƮĪºƃ��(Adams & Funk, 1997; Reeve & Fairbairn, 1999; David et al., 2003)�� �

��
��ƩƹŶūÐ���ƶƿżŬţ�ŪƿŚŤƳ���ƽ��Ĩƿ�žƳŚƿŹřƹ��ƵźǀƜŤƯ��ƽĨƿ��ƏƶƟź�ƽƵŻřŶƳř��ƽ�Źŵ�ŜƤƗ�ƹ�ƺƬū�ƩŚŝ�ƎſƺŤƯ�

ƾƀƴū�ŵřźƟř���
Table 3. One-way ANOVA of the centroid size of fore and hind wings in females and males. 
 

Probability F Mean No. Male Mean No. Female Wing 
0.036 3.896* 3.26e + 003 230 3.52e + 003 244 Fore�wing 
0.001 8.650** 3.91e + 003 242 4.47e + 003 250 Hind wing 

��
ƶƘƫŚƐƯ���ƽ�ƹŵ������Źŵ�ƾƀƴū�ƾƬĪƃÔ���Ĩĩ�Żř�ƶƳƺĭ����ŚƷ�řŵ�ƱŚƄƳ���źƔƳ�Żř�ŚƷźƳ�ƶĩ�ŵ���Ĩºģƺĩ�ƵŻřŶºƳř���Żř�źºţ

ƵŵŚƯ�ŶƴŤƀƷ�ŚƷƵŻřŶƳř�Śŝ�ƾƏŚŞţŹř�Ʋƿř�ƹ��ƽ�ƂƸū�ƳōŵŹřŶƳ�ŚƸ�(Krasnov et al., 2003)��ƵŻřŶƳř��šřźƄů�Źŵ��
īŹżŝ�ƩŚŝ���ƲƸě�ƹ���Ʊŵƺŝ�źţƱōŵ�ƵŵŚƯ�Ź�ƶŝ�ŚƷźƳ�ƶŝ�ŢŞƀƳ�ŚƷ����ƶºĤǀƷŚƯ�ƲŤºƃřŵ�źƏŚºų�����ƽƺºƣ�ƽŻřƹźºě�ƽŚºƷ

��ƶººƤƐƴƯ�ƂƿřżººƟř��Żřƹźººě�Źŵ�źŤƄººǀŝ�ƾƿŚººƳřƺţ�ŢººƸū�ƽ��ƾººƯ�ƪƀººƳ�ŌŚººƤŝ�ƒººƠů�ƹ�Ƃƴĩřźººě��ŶººƃŚŝ� �
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(Lambert, 1972; Schumacher et al., 1997)���ƾƸŝŚƄƯ�šŚƘƫŚƐƯ�Źŵ��Ŝǀºſ�ƭźºĩ�Żřƹźě�šŹŶƣ�ƽƹŹ��
Mani et al. (1995)�ƹ�Dorn et al. (1999)�ƵŵŚƯ�Źŵ�Żřƹźě�ƶĩ�ŶƴŤƟŚƿŹŵ��Źŵ�ľŚƇƺƈų�ŚƷźƳ�ƶŝ�ŢŞƀƳ�ŚƷ

ƵŵŚƯ�ƮŴţ�Żř�ƪŞƣ�ŹƹŹŚŝ�ƽŚƷ�Ţſř�źŤƄǀŝ��ƽżƿŹ���
ƵŻřŶƳř�ƽƹŹ�ƾƬĪƃ�ƽŚƷźǀƜŤƯ�ƱƺǀſźĭŹ�ƽƺƬū�ƩŚŝ�Źŵ�ƎſƺŤƯ���ÐÕÖÑÖ�ÍP = ��ÔÑÎÖ�åF = �ƹ�

ååæÓ�åR2 = � ŜƤƗ�ƹ��ÏÎÔÎÖ�ÍP = ��ÒçÓí�æF = �ƹ�ååèæ�åR2 = �ƶƐŝřŹ���ƽ�ƾºƴƘƯ�źǀƛ���ƽŹřŵ
���Ʋǀŝ�řŹƳō��ŵřŵ�ƱŚƄƳ�ŚƸ��ƶŤƟŚƿ�Ʋƿř�ŽŚſř�źŝ�ƩŚŝ�Źŵ�ƪĪƃ�šřźǀǀƜţ��ŚƷ��ƭźºĩ�ŜƤƗ�ƹ�ƺƬū�ƽŚƷ���Ŝǀºſ

ŚƳ������ƾưƳ�ƵŻřŶƳř�ĨƿźŤƯƺƫō�źŧř�Żř�ƾƃ����ƶŝ�Śƿ�ƹ�ŶƃŚŝ�����ƵŻřŶƳř�źƷ�Źŵ�źĮƿŵ�šŹŚŞƗ����ƵŵŚƯ�ƹ�źƳ�Żř�ƽř�ƽ�ƭźºĩ��
����ƩŚŝ�Źŵ�ƾƀƴū�ƾƬĪƃƹŵ��Ŝǀſ�������ŻźŰƯ�ŜƤƗ�ƹ�ƺƬū�ƽŚƷŢſř�����ƶŝŚƄƯ�ŪƿŚŤƳ�������źǀŧŐºţ�ƭŶºƗ�źºŝ�ƾƴŞƯ

ōƪĪƃ�ƽƹŹ�ƵŻřŶƳř�ĨƿźŤƯƺƫ���ƎſƺţZahiri et al. (2003)�ƹ�Alipanah et al. (2004)�żǀƳ�ľǈŞºƣ��ºŝ��ƶ
ƵŶƯō�Ţſŵ�Ţſř��Colgoni & Vamosi (2006)ƹŵ�ƾſŹźŝ�Źŵ������ƾºƴǀģ�Ĩºſƺſ�Źŵ�ƾƀºƴū�ƾƬĪƃ
šŚŝƺŞů������������ŶƴŤƟŚǀƳ�ĨƿźŤƯƺƫō�źŧř��ƱŶŝ�ƩƺƏ�ƶŝ�ŢŞƀƳ�ĨųŚƃ�ƩƺƏ�źƔƳ�Żř���ƶŝ���ƽŹƺºƏ����źºƷ�Źŵ�ƶºĩ
ƵŻřŶƳř�Ƅů�Żř�ƽřƵŵŚƯ�Żř�źţŻřŹŵ�ŚƷźƳ�Źŵ�ĨųŚƃ�ƩƺƏ��Ƶź�ŵƺŝ�ŚƷ���
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